There is scarce information on the relative importance of socio-economic fac tors in determining the adolescent anthropometric measurements. The objective of this study was to examine the effects of economic status, education level, and food consumption on the height and weight of community adolescents in Nepal. The study was done in the communities of the Kathmandu Valley area in Nepal. All together 426 unmarried adoles cent girls aged 14-19y were selected, The adolescents were interviewed regarding socio economic background (education, occupation and property possessions) and frequency of foods consumption. Height and weight were determined and BMI was calculated. Z-scores of height-for-age and weight-for-age were calculated based on the WHO/NCHS standard to avoid bias by age. The adolescents participating in the survey were categorized into three groups using the various indicators of economic status: Low Economic Status (LES) group, Middle Economic Status (MES) group and High Economic Status (HES) group. The Z-scores of height and weight were significantly lower in the LES group than in the MES and HES groups (p<0.05). The Z-score of height was significantly increased with education level even under the condition of controlling economic level (p<0.05). Since the frequency of milk consumption was significantly related not only with height (p<0.05), but also with economic (X2=31.6, df=4, p<0.001) and education levels (X2=22.4, df=6, p<0.01), the increased height in the groups of the better economic status or the better education level was interpreted to be due to the outcome of the higher frequency of milk consumption. This study indicated that education was a more important factor affecting the height of the ado lescents via improved food habits even under adverse economic conditions.
Malnutrition is a major public health problem in Nepal and places an enormous burden on children and women. The Nepal Micro Nutrient Status Survey (NMSS) showed that 54% of preschool children were affected by stunting and 47% by underweight, which could be a sign of early chronic undernutrition (1) . Chronic malnutrition in earlier years is partly responsi ble for widespread stunting and adverse consequences at adolescence. Improving adolescents' nutrition before their pregnancy could help to reduce maternal and infant mortality, and contribute to break the vicious cycle of intergenerational malnutrition (2) . However, we know very little about the nutritional status of ado lescents in Nepal. Information on the nutritional status of the adolescents and growth references for these age groups are inadequate. In fact, there has been very lim ited study done on adolescent's nutritional status in Nepal. As adolescents have a low prevalence of infec tion compared with under-five children, and of chronic disease compared with aged people, they have generally *To whore correspondence should be addressed .
been given little attention in health and nutrition (3) . Therefore, we focused on adolescents who remain neglected and are still facing the risk of undernutrition.
According to the Nepal Demographic and Health Survey (NDHS), the mean height of adolescents aged 15-19y was 150.1cm (4) . Many studies determined a height<145cm as the cut-off point to be considered at nutritional risk (5) (6) (7) . NDHS reported that one in seven Nepalese adolescents (15.7%) in the age group of 15 -19y was below 145 c (4). The above finding, which was far below the NCHS standards (8) , indicated that the level of chronic energy-deficiency in Nepal is rela tively high even in the adolescence period. The average BMI of this age group was 20.1 and the prevalence of thinness (BMI<18.5) among them was 23.2% (4) . As Nepalese adolescents showed comparatively lower BMI against WHO cut-off points (9) , it indicated that adoles cents are facing serious chronic energy deficiency.
There are many factors affecting the nutrition and low height of an adolescent such as genetic factors, food intake habits, economical conditions and educational background. Variation in adolescent growth may also reflect environmental influences that are active in ear lier life (10) . Apart from biological and environmental factors the nutritional status of an individual is depen dent upon the quality and quantity of food intake (11) . Many studies confirmed that economic conditions influ ence the quality and quantity of consumed foods and consequently can be a key factor in the nutritional sta tus of people (12) (13) (14) . In addition, in the case of chil dren, the level of their parent education is an important factor which can alter their nutritional status and growth (15) (16) (17) . However, these relationships have not been confirmed in Nepal. Regarding adolescents in par ticular there were no clear findings for socio-economic conditions such as economic status and education to be associated with food consumption and with anthropo metric characteristics. Considering this viewpoint we attempted to conduct a survey in order to clarify the relationships among socio-economic conditions, food consumption patterns and anthropometric characteris tics of adolescents of Nepal.
METHODS
Sampling. The study was carried out in three dis tricts, viz. Kathmandu, Bhaktapur and Lalitpur situated in the Kathmandu Valley area. Fifteen VDCs (Village Development Committees unit of rural community) of those districts were selected, avoiding the municipalities and giving preferences to the rural sites. The target pop ulation consisted of unmarried adolescent girls aged 14 to 19 living in the communities.
Five VDCs from each district were chosen by the clus ter sampling method. For this, all the VDCs of each dis trict were listed from northwise and divided into five groups, Then from each group, the VDC which came second was selected. In this way, a total of 15VDCs from those three districts were selected. To collect the sample, FCHVs (Female Community Health Volunteers) were recruited from each VDC. Those FCHVs were requested to bring the adolescents of the target age group from different households to the study place. Since there is no system of recording the date of birth in the communities, FCHVs confirmed their age from their family members. The principal investigators visited the sites in order to have interaction with the FCHVs to explain the purpose of the study and the collection of the sample.
All together 426 unmarried adolescents were re cruited during the study period. The population of the adolescents living in those areas, aged 14-19y , was estimated to be 5,484 based on a Central Bureau of Sta tistics report (18) . The subjects constitute around 8% of the total population. Consent was obtained from the participants after explaining the purpose and procedure of the survey. Further they were assured that their indi vidual information would not be disclosed .
Data collection. Those adolescents were interviewed regarding socio-economic status and food consump tion. Questionnaire sheets were used to conduct the interview. Information on their age, family background (education and occupation of the parents), self-educa tion and occupation, household economic status (pos sessions of certain fixed assets, ownership of housing units and farm land, type of roof of the house and num ber of bedrooms shared by the family members) were collected. The frequency of consumption of various food items was asked to the adolescents for identifying their food intake habits. The height of the adolescents was measured using a height-measuring scale and weight was measured using a digital weighing scale (BF-601, TANITA, Japan). The body mass index (BMI) was then calculated. Z-scores of height-for-age and weight-for-age were calculated based on the WHO/NCHS standard (8) . The median and standard deviation for each age year plus 0 months was used. Since there was no data for 19y olds in the WHO standard table, we adopted the stan dard of 18 y olds, assuming that the height and weight at 19 were very similar to those at 18.
Classification of groups. The occupational status of the adolescents was classified into four groups depend ing upon the major work they performed: household; agriculture; income generation; and student. 'House hold' work included all those major household duties like cooking, washing, cleaning, taking care of the sib lings and helping parents in the agricultural work. 'Agriculture' exclusively included the agricultural work and tending livestock. Those adolescents who were cat egorized in the agricultural group devoted more time to agriculture than to household tasks. The category of 'income generation' included work such as daily wage earner, petty trader, company worker, housemaid and artisan. Those adolescents who were categorized as ' student' included those not regularly attending school.
The adolescents participating in the survey were cat egorized into three groups by their household economi cal status: Low Economic Status (LES), Middle Eco nomic Status (MES) and High Economic Status (HES). In order to categorize the household economic status of the adolescents, we used 5 different indicators such as land ownership, house ownership, type of roof of the house, number of bedrooms and possession of certain fixed assets. Each indicator was categorized into three levels from the setting point 1 to 3, according to the level of condition (Table 1) . In this study, 24% of the adolescents were defined to be in the group of LES, 25% of them were in HES and 51% in MES based on the result of the histogram. This economic classification presents relative economic status but not absolute sta- tus. Education level was classified into four different lev els; illiterate; primary; lower secondary; secondary and above. 'Illiterate' referred to those respondents who had neither been to school nor had any exposure to infor mal education. 'Primary education' referred the educa tion from standard 1 to 4. In this study those adoles cents who had the informal education through outreach classes were categorized in primary level . ' Lower secondary' included the standard 5 to 7 and ' secondary' from standard 8 to 10. Some adolescents who had the higher education (standard 11 and 12) were included in the category 'secondary and above .' Data analysis. The data were recorded on a ques tionnaire sheet during the interviews. After the survey , data entry was done in MS-Excel spreadsheets. The col lected data were then analyzed in SPSS 11.0 for win dows, Pearson's Chi-square test was used to compare the percentages, frequencies and prevalence of various indicators among the different setting groups. The aver age values of age, height, weight, and BMI were com pared among the target group using one way ANOVA. Z-scores of height-for-age and weight-for-age were com pared with the economic status and education level of the adolescents and ANOVA was used for testing statis tical significance as well. The frequency of consumption of various food items was also compared among the groups with different economic status and education level. Pearson's correlation coefficient was calculated to clarify the relationship between the frequency of food consumption and height and weight.
RESULTS
The majority of the participants in this study were found to be engaged in household work (63%) . About 19% of the adolescents were involved in income-gener ating work. A small percentage of the participants were exclusively engaged in agricultural work (6%). Twelve percent of the participants were identified as students (Fig. 1) .
The illiteracy rate was found to be still high (11%) in community adolescents. Around 50% of the adoles cents had completed the primary and lower secondary education, whereas 39% of them were graduated from the secondary level. Figure 2 shows that education level significantly increased with the household economic status (x2=60.8, df=6, p<0.001). Table 2 presents the data on age, height , weight and BMI of different economic groups by age. Their height , weight and BMI tended to increase with age , particu larly in the younger adolescents from 14 to 16y The average height and weight of the LES group was signifi cantly lower than those of MES and HES groups (p<0.05). However, this might be due to the influence by age, because there was a significant difference between the age of LES and the other groups (p<0 .05). The average of BMI did not differ among the three groups.
Z-scores of height-for-age and weight-for-age are shown in Table 3 . The data for Z-scores demonstrate that economic status and education level were signifi cantly associated with adolescent height and weight . In addition, the data demonstrated that among the same economic status, height tended to be higher according to higher education level. This significance was found in the groups of LES and MES. Although it was observed that the economic status influenced the adolescent height, there was no significant impact of economic sta tus on their height in the groups with the same educa tion level.
Rice, potatoes, legumes, milk and vegetables were common foods, whereas meat , eggs, millet and com mercial foods were not common among the adolescents of the targeted area. It was found that consumption of meat, milk, potatoes, legumes , fruits, commercial foods and instant noodles significantly increased with the economic status (Table 4 ). There were great differences in the foods consumption, particularly protein-based Table 4 .
Percentage of the adolescents consuming each food item more than three times per week by economical status. foods like legumes (x2=16.4, df=4, p<0,01), meat (x2=12.7, df=4, p<0.05) and milk (x2=31,6, df=4, p<0.001) among different economic groups. Regarding other food items like rice, wheat, leafy vegetables and soybeans, relatively similar tendencies were observed among the different economic groups. Food consumption was also found to be associated with the education level of the adolescents (Table 5 ). The educated adolescents showed high frequency in consuming milk (x2=22.4, df=6, p<0.01), meat (x2=12.9, df=6, p<0.05), potatoes (x2=24,5, df=6, p<o.001) and rice (x2=17.8, df=6, p<0.01).
Pearson's correlation coefficient was calculated to examine the relationships among the frequencies of food consumption and height and weight (Table 6 ). 
DISCUSSIONS
In the context of Nepal, the causes of poor nutritional status of adolescents are more complex due to the con sequences of maternal health and nutrition, including the conditions of teenage pregnancy, short birth space and low birth weight. These factors were also contribu- torn to the short height of the Nepalese adolescents besides inadequate food intake. Socio-economic status is believed to be one of the most important factors for nutrition status through affecting food intake and other conditions. To explore the factors affecting anthropom etry of adolescents, this study was conducted to exam ine the relationship among height, weight, food con sumption and socio-economic status (education level and economic status). Many parameters were found to be associated with height and weight of the adolescents. Of these parameters, milk consumption, educational level and economic status of the household were likely to be very effective for increased height.
Poor economic status has long been recognized to have a strong relationship with anthropometric mea surements and has been defined to be the underlying cause of malnutrition. So far there have been many studies that demonstrated household economic status was a key factor for the growth of children (19, 20) . However, there have been only a few studies showing the nature of this relation in terms of adolescents .
Hakeem observed that height status and rate of under weight of Pakistani adolescents improved with income level (21) . Similarly, Islam et al. also observed that socio-economic status had a significant effect on the body weight and height of adolescents (22) . Further more, Rao reported a gap of about 8cm in height between the adolescent boys and girls of 'High income group' and 'Slum Dwellers' in urban India (23) . On the other hand, Ahmed et al. compared women from better off households in rural Bangladesh and found that the mean weight and BMI of poor women were consistently lower but there was no significant difference in mean height between those two groups (24), Regarding ado lescents in Nepal, the relationship between socio-eco nomic status and the anthropometric measurements was not studied sufficiently so far. The result of this study demonstrated that height and weight of the ado lescents increased with their increasing economic sta tus. This finding suggests that economic status of the household could be the important factor influencing both the height and weight of the adolescents in Nepal as well. It is well known that the education level of parents , particularly the mother, influences the nutritional sta tus and physical size of the children (15 , 16) . In terms of adolescents, however, there have not been enough studies and evidence to support this relationship . It could be assumed that better economic status promotes the education level of the adolescents . In this study we found a significant correlation between the level of edu cation and the household economic status . Therefore, it is interpreted that economic status on the one hand while promoting the education promote their nutri tional status on the other hand and hence increased growth is due to the result of economic status. Thus, to identify which factor is the more effective between eco nomic status and education, we attempted to analyze the relationship of height and weight values with edu cation and economic status. As a result, the height of the adolescents was found to be significantly associated with their education level despite their age even in the same economic group, indicating that education level is a more effective factor in influencing the adolescent's height than economic status.
Eating patterns are frequently erratic in adolescents , and hence this must be a common factor of nutritional risk (2) . The habit of consuming fruits, vegetables, dairy products, meat and meat products was not very com mon in communities of the setting area but the fre quency of milk consumption was found to be high. The result of this study suggested that out of various foods , the frequency of milk consumption was significantly associated with the height of those adolescents . Since the survey was based on a cross sectional approach and did not collect quantitative data on milk consumption, it is difficult to confirm this relationship unless a longitudinal study that measures the quantity of milk con sumption is carried out. However, several studies have reported that milk is a factor that promotes the growth of height for children and adolescents (25) (26) (27) (28) . A study carried out by Volek et al. demonstrated that there was significant main time effect for height in adolescent boys consuming milk compared with the group con suming juice (25) . In this study, as milk was the sole animal product which was quite commonly consumed among the adolescents, it is thought to be a very impor tant food as source of high quality protein and calcium for adolescents girls and consequently to make a great contribution to the growth of their height. Further this study demonstrated that frequency of milk consump tion was associated with the household economic sta tus and education level of the adolescents. As education level had significant relation with frequency of milk consumption, which was highly associated with their height, it can be interpreted that educated adolescents tended to improve their food habits by consuming more milk and as a result their nutritional status and height were improved.
There have been very limited studies on the factors affecting the nutritional status of Nepalese adolescents. This study demonstrated that education is a more important factor in affecting the height of the adoles cents. The result of this study suggests that providing education to adolescents could be an effective approach in improving their nutritional status even under adverse economic conditions.
